P-wave travel time and amplitude anomalies from 59 teleseismic earthquakes are analyzed for 17 stations of a seismic network in Hokkaido region, Japan. Relative travel time and log amplitude variations within the network are parameterized by an azimuth-independent term (average), and first and second azimuthal terms. For the travel time, the azimuth-independent terms, which represent shallow near-station velocity anomalies, show an obvious geographical variation and a significant correlation with gravity (Bouguer) anomalies. The azimuth-independent terms vary from -0.73 to 0.58 s. The slow directions of the first azimuthal terms for stations surrounding the Hidaka Mountains point consistently toward an area near the axis of the mountains, suggesting the existence of a low-velocity zone in the uppermost mantle beneath the Hidaka Mountains. For the amplitude, the azimuth-independent terms have large positive values (amplification) at stations where the geological setting is young, i.e., Quaternary. The first azimuthal terms for stations surrounding the Hidaka Mountains show some indication of large amplitudes for the incidence azimuth in the direction of the mountains. If the azimuth-independent terms are subtracted from the observed values, the travel time residuals and log amplitudes show some correlation, suggesting the focusing and defocusing of rays by the heterogeneity in the uppermost mantle beneath the network.
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Introduction
Teleseismic P travel times have often been analyzed to investigate the structure of the crust and uppermost mantle beneath seismic arrays. Aki et al. (1977) inverted P travel time residuals to recover 3-D structure beneath the NORSAR array. Since then the 3-D inversion method has been applied to P-residual data from seismic arrays in many areas of the world.
Amplitude variations were used to investigate the velocity heterogeneity beneath NORSAR in conjunction with the travel times by Haddon and Husebye (1978) by applying a parabolic approximation of the wave equation. Thomson and Gubbins (1982) analyzed the NORSAR amplitude data by using the bending method of ray tracing.
To the author's knowledge, such studies of teleseismic P travel times as presented in this paper have been rare for the Japanese Islands, except Maki (1982) , who studied P-residuals reported in the JMA bulletins. For the Japan region, most inversion studies have used P travel times of local earthquakes (Aki and Lee, 1976) to investigate the crust and upper mantle structure beneath seismic networks.
In this paper we measure P-wave travel times and amplitudes from teleseismic events recorded by a local seismic network of Hokkaido University and parameterize their variations within the network by azimuth-independent terms (averages) and azimuth-dependent terms. P travel times measured from four JMA high-gain seismographs (EMT 76) in the Hokkaido region as reported in the JMA bulletins are also analyzed for comparison. We compare travel time and log amplitude variations to seek an indication of focusing and defocusing effects caused by velocity heterogeneity.
Data
We use short-period vertical-component seismograms recorded by a seismic network of the Research Center for Earthquake Prediction of Hokkaido University (RCEP). We listed earthquakes of magnitudes greater than 5.5 at teleseismic distances according to reports of the PDE (Preliminary Determination of Epicenters). Based on the examination of the seismograms reproduced from the optical disks by a computer of the RCEP, we selected the records on which both onset time and peak-peak amplitude of the first P-arrival were accurately measured. Figure 2 shows the epicenters of the earthquakes in a map of equidistant-azimuthal projection. As seen in the figure, the azimuthal coverage is not homogeneous. In the period range of this study (April 13, 1985 -September 12, 1986 , no earthquake was selected in azimuth ranges of ENE-ESE and NNW-NNE. Since the areas of these teleseismic azimuth ranges are seismically inactive, this situation of the azimuthal coverage will not be significantly improved if we extend the study period.
Travel time measurement
We measured P-wave arrival times on the magnified plots of seismograms. The initial onsets of P-waves are well correlated among the stations. This helps us read accurately the arrival times on such noisy records as those from station HSS and TOI. The large noise amplitude is consistent with the amplification of P waves observed at these stations, which will be shown later (see Figs. 1 and 8(a) ). The measurement accuracy is generally better than 0.1 s.
The travel times are calculated by using source parameters taken from the PDE, and are corrected for station elevation and the Earth's ellipticity (Dziewonski and Gilbert, 1976) .
Amplitude measurement
We measured peak-peak amplitudes of the first cycle of P-waves on the seismograms anomalies (NMR, AKK, TES, URH, IWN, MYR), the Japan Sea side of that part of Hokkaido shows positive anomalies (KNP, AIB, TOI), the south-western side of the Hidaka Mountains shows positive anomalies (ERM, KMU, MUJ), and the southwestern peninsula region shows no anomalies (HSS, IMG, KKJ) except ESH. Utsu (1975) and Maki (1982) obtained azimuth-independent residuals by analyzing P-wave travel times observed in the Japanese Islands from nearby deep earthquakes and teleseismic earthquakes, respectively. Since they obtained the residuals from low-sensitivity JMA stations, with the exception of KMU (Kamikineusu) and HSS (Misumai), it is difficult to make a direct comparison of Fig. 5(a) and their results, and only an overall pattern must be compared. Looking at Fig. 5(a) of the present paper, Fig. 6 of Utsu, and Fig. 10 Fig. 6 . Azimuth-independent P-residuals versus Bouguer anomalies for the RCEP stations. The Bouguer anomalies are based on the data of the Geographical Survey Institute (1955) and Mori (1965) .
beyond the scope of this paper. Figure 8 (b) presents the first azimuthal terms. We notice that for the three stations surrounding the Hidaka Mountains (HIC, MUJ, and MYR) the directions of large amplitudes point toward the mountains. For these stations the first azimuthal terms are the largest of the three terms (see Table 2 ). The other three stations in the Hidaka region (IWN, KMU, and ERM) do not show these features. This observation seems to be consistent with the results of the first azimuthal terms of the travel time residuals, from which focusing of rays by a low-velocity zone beneath the Hidaka Mountains is expected.
Correlation between Travel Time and Amplitude Anomaly
The above results of azimuthal variations of travel time and log amplitude at the stations surrounding the Hidaka Mountains suggest the occurrence of focusing of rays by a low-velocity zone beneath the mountains. To investigate this point more closely we correlate the travel time residuals with the log amplitude anomalies. Figure 9 (a) shows a plot of original travel time residuals vs. log amplitude anomalies. This figure Fig. 9 . Plots of P-residual versus log amplitude. r refers to the correlation coefficient. (a) Original P-residual and log amplitude. (b) Those corrected for A0 terms.
Conclusions
We have studied the azimuthal variations of the travel time residuals of teleseismic P-waves observed in Hokkaido, Japan. The azimuth-independent terms show an obvious 
